INTRODUCTION
The growth and differentiation of lymphoid cells from stem and progenitor cells are thought to be regulated by cell-cell contact as well as by the release of soluble factors (reviewed in Kincade et al., 1989; Dorshkind, 1990) . A major technical advance in the study of these cellular and biochemical events in lymphopoiesis has been the development of long-term, feeder layer-depetdent, in vitro bone marrow (BM) culture systems, in which manipula-"Corresponding author.
tion of culture conditions profoundly affects the lineages and/or stages of development that are generated. For example, Dexter-type cultures selectively produce myeloid lineage cells and multipotential stem cells, but few lymphoid cells (Dexter et al., 1977) , whereas the Whitlock-Witte culture system selectively produces large numbers of pre-B cells (c/ +, sIg-), but not myeloid or multipotent stem cells (Whitlock and Witte, 1982; Whitlock et al., 1984) . Recently, modifications to the Whitlock (Denis et al., 1984 (Denis et al., , 1987 , transfecting the cultured ells with the BCR/ ABL chimeric oncogene (Scherele et al., 1990) , and initiating the culture in the presence of interleukin-4 (Peschel et al., 1989) .
The role of oluble factors in the generation of pre-B-cells has been extensively studied using bone marrow stromal cell lines established from the foregoing cultures. In particular, interleukin-7 (IL-7), a cytokine first purified from mouse BM stromal cells, has been found to stimulate the proliferation of pre-B (B220/) and possibly pro-B (B220-) cells from mouse BM (Namen et al., 1988a (Namen et al., ,1988b  Henney, 1989; Lee et al., 1989) . However, despite the effect of IL-7, the long-term survival of early B-lineage cells in primary cultures generally is not maintained in the absence of direct contact with BM stromal cells (Kierney and Dorshkind, 1987; Sudo et al., 1989) . This is consistent with the development of foci of proliferating lymphoid precursor cells on and within the adherent BM stromal-cell layer (Whitlock and Witte, 1982; Whitlock et al., 1984; Hayashi et al., 1984; Medlock et al., 1993a Medlock et al., , 1993b . Hardy et al. (1991) have reported that the earliest phenotypically distinct mouse B-lineage cell population, called "pre-pro-" B-cells (B220 $7 / BP-I-, HSA-, Ig genes in germline configuration), requires only contact with BM stromal cells to survive in a 4-day coculture system. However, later stages of lymphopoiesis, marked by expression of HSA and progressive Ig gene rearrangements, were increasingly feeder-layer adherence-independent and IL-7-dependent (Nishikawa et al., 1988; Sudo et al., 1989; Hardy et al., 1991) . These observations suggest that close-range molecular interactions between lymphoid progenitor cells and microenvironmental cells regulate the initial stages of lymphopoiesis in BM. Although the nature of the requirement for close lymphoid-precursor:stromal-cell association is not known, a potential candidate for a stromal cell-bound second signal is the recently described stem-cell factor (SCF), which can act synergistically with IL-7 to stimulate lymphopoiesis (McNiece et al., 1991; Billips et al., 1992) .
To specifically study the regulatory mechanisms that are operational at the most primitive stages of lymphoid development, we have designed a longterm xenogeneic BM culture system that selectively supports the generation of normal (and leukemic) lymphoid precursor cells from adult rat, mouse, and human BM on a mouse BM-adherent cell-feeder layer (Hayashi et al., 1984; Medlock et al., 1987a; Goldschneider and King, 1991; Medlock et al., 1993a Medlock et al., , 1993b (Medlock et al., 1993b) , approximately 20% of the nonadherent lymphoid cells are in DNA synthesis (Hayashi et al., 1984 (Hayashi et al., 1984) .
As in the standard culture system, only extremely immature B-lineage cells, almost all of which express the HIS24 marker (Opstelten et al., 1986) , were maintained in the culture inserts (CI). Thus (Hermans, 1991 Mouse MHC (H-2b) Dose-response experiments demonstrate that both the number of lymphoid cells recovered from the CM (Fig. 4A ) and the incorporation of tritiated thymidine by these cells (Fig. 4B ) was proportional to the concentration of CM after ultrafiltration, as (Medlock et al., 1993b) . This observation permits two inferences: first, that a hyaluronatedependent adhesion system, regulated by serum (Matuoka et al., 1987) (Ildstad et al., 1991 (Ildstad et al., , 1992 (Goldschneider et al., 1989) . It is of especial interest therefore that approximately 25% of the lymphoid cells recovered from CM and culture inserts in the present study had an extremely primitive HIS24 / HIS50-TdT-c/-Blineage phenotype, consistent with an even earlier, B220 / HSA-pre-pro-B-cells, stage of development described in the mouse (Hardy et al., 1991; Tong et al., 1993) . The results also suggest that the microenvironmental regulatory requirements for pre-pro-B-cells and pro-B-cells are distinct from those for pre-B-cells. This is consistent with the recent observation (Funk and Witte, 1992) (Medlock et al., 1993b) , as well as during ontogeny (Gregoire et al., 1979) (Goldschneider and McKenna, 1991 (Hayashi et al., 1984; Medlock et al., 1993b (Ozato and Sachs, 1981) obtained from the American Type Culture Collection (ATCC) (Rockville, MD). Alloantiserum to the rat MHC alloantigen, , was prepared by immunizing M520 strain rats (RT-1b) with Lewis rat (RT-11) lymph node cells as described (Lubaroff and Waksman, 1968). , HIS24 (anti-CD45R-B220) Kroese et al., 1987) , and HIS50 (anti-Heat Stable Antigen/HSA) (Hermans, 1991; Tong et al., 1993) (Gutman, 1982; Lanier et al., 1982) . Rat monoclonal antibodies to RT-7 a (BC84) and b (8G6.1) rat pan-T cell alloantigens were gifts from Dr. D. M. Lubaroff (University of Iowa, Iowa City) (Ely, et al., 1983 (Hayashi, et al., 1984) . To detect intranuclear TdT, cytocentrifuge-prepared cell smears were fixed in 4 C absolute methanol, stained with rabbit antibodies to TdT, and developed with FITC-or TRITC-conjugated antibodies to rabbit IgG (Gregoire et al., 1977) . Double immunofluorescence for surface or cytoplasmic / Ig heavy chains and TdT was performed as described (Goldschneider et al., 1987 
